Corn (Zea mays L.) residue is an important source of lignocellulosic feedstocks for meeting the US renewable energy goals. However, there is uncertainty in how much biomass can be sustainably harvested. The objectives of this study were to (i) simulate soil organic carbon (SOC) dynamics in the 0-20, 20-30, and 0-30 cm soil depths for the 2005-2015 study period using CQESTR, a process-based C model; (ii) establish trends in SOC with residue removal and tillage management over the predictive period of 2016-2035; and (iii) 05 field has the potential to maintain SOC at the current rate of biomass addition, and a minimal annual aboveground C (MSC) input of 3.75 Mg C ha -1 yr -1 is required to maintain SOC until 2035. These simulation results indicate that caution should be used in removing residue especially under conventional tillage.
Core Ideas
• Soil organic C (SOC) loss was predicted for 0-30 cm with or without tillage.
• The impact of biomass removal on SOC stocks extended below 20 cm.
• Residue removal under conventional tillage is not recommended.
• A minimum of ~3.75 Mg ha -1 yr -1 aboveground biomass predicted to maintain SOC in the 0-30 cm depth.
C orn stover removal in the upper Midwest for biofuel production is an important component to achieve the United States goal of 30% replacement of fossil fuels by 2030 (US Department of Energy, 2007; Karlen et al., 2011) . Corn stover (comprised of leaves, cobs, husks, and stalks) is the non-grain biomass or residue remaining after harvesting corn grain and plays a vital role in the C cycle. Therefore, corn stover removal could negatively affect soil properties and has raised concerns about the potential for increased soil erosion, decreased soil organic carbon (SOC) stocks and crop production (Blanco-Canqui et al., 2006; Wilhelm et al., 2007; Johnson et al., 2014) . Removing residue changes the mass of C available to be humified into stable SOC and can contribute to a decline in soil C stocks and plant available nutrients (BlancoCanqui and Lal, 2009; Gollany et al., 2015; Karlen et al., 2014) . Detecting measurable changes in C stocks requires repeated soil sampling over the course of many years, is hampered by spatial and temporal variability, and is labor intensive. Thus, processbased models, such as CQESTR or EPIC, are useful tools for examining potential impacts of harvesting crop residues such as corn stover (Dell et al., 2018; Jones et al., 2018) .
The United States Department of Energy's Billion Ton Report (Perlack et al., 2005) assumed land would be managed without tillage and constrained residue harvest to account for erosion control but did not address potential impacts of residue harvest on SOC stocks. In 2005, when these three long-term experimental sites were established, inversion tillage was very common, especially in the northern tier of the Corn Belt (Johnson et al., 2005) . Furthermore, when this long-term study was established, it was still unknown if management of residue to avoid erosion would coincidentally sustain SOC stocks. Subsequently, modeling work by Wilhelm et al. (2007) predicted that constraining residue harvest for erosion could be insufficient for maintaining SOC stocks, particularly when tillage was reduced.
Detecting small changes in SOC stocks especially in glacial till Mollisols, which are rich in SOC, can be challenging since such soils are inherently variable both vertically and horizontally. Based on data of C inputs and SOC from studies in Minnesota (Crookston et al., 1991; Huggins et al., 1998; Reicosky et al., 2002; Allmaras et al., 2004; Wilts et al., 2004) , Johnson et al. (2009) empirically estimated the minimal annual aboveground C inputs (MSC) needed to maintain SOC stocks to be 2.6-3.3 Mg C ha -1 yr -1 , with differences in the estimated MSC being primarily due to crop rotation (corn or corn-soybean), primary tillage (chisel plow and moldboard plow), and soil type (silt loam, clay loam, and silty clay). Previous modeling with CQESTR, version 2.1 without C saturation algorithms, suggested that to maintain SOC in the surface 30 cm, annual residue rates of 3.65 and 2.25 Mg ha -1 yr -1 were needed in corn-soybean and continuous corn rotations managed without tillage, respectively (Dalzell et al., 2013) .
Tillage impacts on soil disturbance and the rate of organic matter decomposition have major effects on MSC. Intensive tillage operations often facilitate SOC loss because of an increased potential for soil erosion and rate of decomposition, due to the incorporation of crop residues into the soil which increases residue contact with the soil and microbes that decompose organic matter (Sherrod et al., 2003; Unger et al., 2006; Williams et al., 2009) . Conservation tillage practices promote a slower SOC turnover, which may allow for a lower MSC to maintain SOC stocks compared to more intensive tillage (Wilhelm et al., 2007) . Soil organic C stocks are expected to reach a new dynamic equilibrium after a change in management as predicted by C saturation theory (Hassink and Whitmore, 1997; Six et al., 2002; Stewart et al., 2007) . The NT 95 and NT 05 fields have the same soil types, the same residue management treatments and are exposed to the same climatic influences , offering a unique opportunity to compare modeled and empirical changes in SOC that may differ in C saturation time. Presumably a soil that has reached soil C saturation would be at dynamic equilibrium and changes in SOC would not be detected, whereas a soil recently convert to no tillage would be expected to accrue C until a new dynamic equilibrium was achieved. Response to residue harvest may preclude C sequestration benefits expected from converting to managing without tillage (NT 95 ). Based on Wilhelm et al. (2007) more residue would need to be returned to a field managed with tillage compared to a field managed without tillage. The CQESTR model was used in this study to simulate SOC in fields under managements with different tillage and SOC stocks. It can compute SOC in a soil profile of up to five layers, or horizons, and was recently revised to include soil C saturation algorithms .
The CQESTR model is a useful tool to elucidate the longterm impacts of best management practices on SOC stocks in agricultural soils and production systems throughout the United States. The model is calibrated for use across North America (Liang et al., 2009) , includes soil C saturation algorithms (Hassink and Whitmore, 1997; Gollany and Polumsky, 2018) , and is validated for landscape-scale evaluation of agronomic management practices (Gollany and Elnaggar, 2017) . It is used to simulate crop residue removal Gollany et al., 2010 Gollany et al., , 2011 Wienhold et al., 2016) , residue burning (Gollany et al., 2012a) , crop rotations (Liang et al., 2008; Gollany et al., 2012b) , and tillage management practices (Rickman et al., 2002; Cavigelli et al., 2018 ).
This work builds on and compliments previously modeled scenarios (Dalzell et al., 2013) , which predicted SOC based on continuous corn and corn-soybean systems utilizing cropping history prior to 2005. The current modeling effort takes advantage of an additional decade of residue management and repeated soil sampling to which model results can be compared. This work contributes to addressing the long-term objective of answering the question, "how much biomass can be sustainably harvested while still maintaining SOC and productivity"? (Johnson et al., 2017; Karlen et al., 2014; Wilhelm et al., 2004 Wilhelm et al., , 2010 . The specific objectives of this study were to (i) simulate SOC dynamics in the 0-20, 20-30, and 0-30 cm soil depths over a 10-yr (2005-2015) field study; (ii) establish relative trends in SOC due to corn residue removal and tillage management, including the established year of that management practice and tillage over the predictive period of 2016-2035; and (iii) recommend the best management practices to maintain SOC stocks in a corn-soybean production system with corn residue removal in western Minnesota.
MATERIALS AND METHODS

Site Description and Management Practices
Data were obtained from a 16-yr (2000-2015) experiment, consisting of three adjacent fields with four replications each at the Swan Lake Research Farm near Morris, MN (45°41¢N, 95°48¢W; 370 m above sea level). These fields have clay loam to clay soils within a Barnes (fine-loamy, mixed, superactive, frigid Calcic Hapludolls)/Aastad (fine-loamy, mixed, superactive, frigid Pachic Argiudolls) catena (USDA-SCS, 1971) . Additional details on these fields were published by Johnson et al. (2013 . Briefly, one field was managed without tillage since 1995 (NT 95 ), the second was managed with conventional inversion tillage (CT 95 ) using a moldboard plow between 1995 and 2004. Tillage was changed to chisel plow with preplant tillage (15-20 cm deep) with a digger (WIL-RICH implement; Wahpeton, ND) beginning after harvest in 2005. The third field received inversion tillage until 2004, and was then converted to notillage in 2005 (NT 05 ) ( Table 1 ). The 10-yr offset between when the two fields were converted to no-tillage may allow detection of C stock saturation.
The residue removal treatments in the CT 95 and NT 95 fields were initiated in the fall of 2005, and in 2006 for the NT 05 with both crop phases present each year. The mass of stover returned to the fields was measured as described by Johnson et al. (2013) . Corn residue removal treatments corresponded to approximately 0%, cob removal, a moderate treatment corresponding to about 50% removal, and an aggressive treatment that removed about 75% residue. These denoted R0, RCob, R50, and R75, respectively. During the soybean phase all soybean residue was retained in the field. Stover was removed using flail-knife harvester between 2005 and 2008, while from 2009 through 2015 a onepass prototype combine was used that allowed variable residue harvest (Dalzell et al., 2013; Johnson et al., 2013 .
Soil organic C content and soil bulk density values used in the simulations were obtained from individual plot sampling at depths of 0-10, 10-20, and 20-30 cm in each plot after harvest and prior to fall tillage with CT in 2005 (CT 95 and NT 95 ), and 2005 ). Soil samples were dried to constant mass at 37°C for C analysis or at 105°C for bulk density. A bulk density value for each year (i.e., 2005, 2010, and 2013) was used for all treatments, and was calculated by averaging over all individual plot bulk density values. Visible roots and residues were removed from the samples prior to grinding with a hammermill and ball-mill ( (Wagner et al., 1998) . Soil organic C was calculated as the difference between total and inorganic C. As previously reported by Johnson and Barbour (2016) a correction was needed to make total C concentrations between the two LECO models comparable, where the concentrations obtained from the older model (x) were empirically adjusted (Eq. [1]).
Corrected Total C % = 1.0842x + 0.0436, r 2 = 0.9834 [1] Weather data used for modeling was from the Swan Lake Research farm weather station, which is about 0.5 km from the experiment field (https://www.ars.usda.gov/midwest-area/morris-mn/soil-management-research/docs/weather/). During the 2000-2015 timeframe, measured annual precipitation at these field sites was 513 mm with 90% of the precipitation occurring from April-October. Air temperature averaged -9.8°C from December through February, 6.5°C from March through May, 20.8°C from June through August, and 8.1°C from September through November.
Model Description and Input Requirements
The CQESTR model is a process-based C model that uses readily available input data at the field scale and operates on a daily time-step (Rickman et al., 2001; Liang et al., 2009) . It is a decomposition model and each organic residue addition with its placement is tracked independently. The CQESTR model computes the rate of decomposition of crop residue or organic amendments on a daily time-step as they convert to soil organic matter in a soil profile (Rickman et al., 2001; Liang et al., 2009) , and the soil organic matter pools are depicted as a continuum. The rate of crop residue decomposition is a function of soil temperature, water content, residue N content, soil texture, drainage class, and whether or not residue was incorporated into the soil. Input variables include weather, soil, crop production, and management information. Weather data consists of monthly mean air temperature and precipitation. Soil data includes the initial soil properties (bulk density, soil texture, drainage class, and initial SOC content) at the start of the simulation period for each soil depth. Initial SOC content from the field site is required for spin-up of the simulations. Crop production inputs include root biomass and aboveground biomass inputs (amount and N content). Lastly, management inputs are organic amendments (i.e., organic fertilizers and their N content), residue removal, and planting, harvest, and tillage dates. For each soil disturbance event (i.e., tillage, fertilization and planting), the depth and percent soil disturbance, as well as the percent of residue remaining on the surface are required for the CQESTR simulations. Soil disturbance and residue incorporation are based on the field observation at the site and estimated based on literature (Conservation Tillage, MWPS-45). All model input data are organized into crop management files associated with the c-factor files of the Revised Universal Soil Loss Equation (RUSLE, Version 1, Renard et al., 1996) .
Model Simulations
The CQESTR model simulations included a spin-up, fitting (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and predictive period (2016-2035) for each field (CT 95 , NT 95 , and NT 05 ) and residue removal (R0, RCob, R50, and R75) treatment. Only crop yield and weather data were available over the spin-up period. During the fitting period, all weather, crop production (excluding root biomass), management, and soil data were available and were used as input into the CQESTR model. Aboveground biomass inputs were estimated based on yield values (2000) (2001) (2002) (2003) (2004) and a regression of total biomass and yield over the complete data set from 2005-2015. These regressions were specific to each field and residue removal treatment, and generally had an r 2 value ranging from 0.75 to 0.90. During the predictive period (2016-2035), precipitation and air temperature were assumed to remain at the 2006-2015 monthly averages, and management related to the tillage/residue removal treatments was continued. Crop production/model input values were assumed to remain at the average values obtained over the 2005-2015 period (Table 2) . Root biomass inputs used in the model simulations were estimated from root/shoot ratios of 0.42 and 0.37 for corn and soybean, respectively (Gray et al., 2014) .
Estimation of Soil Organic Carbon Maintenance Requirements
The relationship between SOC change and the corresponding estimate of total crop residue biomass added to each treatment was calculated by subtracting final predicted SOC values in 2035 from initial SOC values in 2015. Mean annual change of simulated SOC (Mg ha -1 yr -1 ) for each treatment was calculated as the difference between initial and final values as follows: where SOC f is calculated final SOC content (Mg ha -1 ); SOC i is calculated initial SOC content (Mg ha -1 ); and t is number of years.
Statistical Procedures
The CQESTR model performance was evaluated by comparing observed and simulated SOC values using linear regression (PROC REG) and mean square deviation (MSD), which is the square of RMSD (SAS Institute, 2014) . The MSD, which measures bias of the model was partitioned into three components: lack of correlation (LC, measures the scatter); non-unity slope (NU, measures the degree of rotation of the regression line); and squared bias (SB, measures the inequality between the arithmetic means of the X and Y values) (Gauch et al., 2003) . The added benefits of partitioning MSD into these three components are that they are distinct, additive, and provide insight into analysis of variance interpretations, and relate to regression parameters. Pearson correlation (PROC CORR) was used to correlate crop parameters (N content, aboveground, roots, and total biomass) to better understand the response of SOC to stover removal and to predict response in SOC content by 2035 (SAS Institute, 2014).
RESULTS AND DISCUSSION
CQESTR Model Performance
Comparison of observed SOC with CQESTR simulated values indicate significant (P < 0.0001) correlation (r = 0.70, Y = 2.31 + 0.96X) and MSD of 7.63 for the 0-20 cm soil sampling depth (Fig. 1) . Lack of correlation (7.48) accounted for 98% of the MSD, indicating deviations in the observed and simulated Comparison of CQESTR-simulated values with observed SOC, for the 20-30 cm soil sampling depth, indicated highly significant (P < 0.0001) correlation (r = 0.86, Y = -2.27 + 1.09X) and MSD of 4.23 (Fig. 2) . Lack of correlation (4.16) accounted for 98% of the MSD, indicating deviations in the simulated and observed SOC values were largely due to scatter associated with inherent spatial and temporal variability; however, all SOC values were within standard deviation of the observed SOC values at 20-30 cm soil depth. Non-unity slope of 0.07 Mg SOC ha -1 accounted for the other 2% of variation.
Effects of Tillage on Soil Organic Carbon
Averaged over 0 to 75% stover removal, a SOC stock change of -0.16 Mg C ha -1 is projected for CT 95 treatments, and ranges from -0.17 to -0.16 Mg C ha -1 for 75 and 50% stover removal, respectively, in the top 20 cm soil depth under conventional tillage through 2035 (Table 3 and Fig. 3 ). Continuing NT 95 from 2016-2035 is projected to result in SOC stocks change of 1.35 Mg C ha -1 , in the top 20 cm soil depth, averaged over 0 to 75% stover removal, and a change of 1.06 to 1.74 Mg C ha -1 for 75 to 0% stover removal, respectively (Table 3 and Fig. 4) . Average change in SOC of 1.52 Mg C ha -1 for NT 05 is projected, with a range of 1.21 to 2.19 Mg C ha -1 for stover removal of 50 to 0%, respectively (Table 3 and Fig. 5 ). From 2016 until 2035, SOC change averaged 68.0 kg C ha -1 cm -1 in NT 95 compared to 1.0 kg C ha -1 cm -1 in CT 95 although average total crop biomass additions were similar (Table 2) for NT 95 (9.83 Mg ha -1 ) compared to CT 95 (10.12 Mg ha -1 ), which indicates that greater SOC accretion was due to reduced soil disturbance and C mineralization in NT 95 . This illustrates the impact of tillage on SOC accretion. Intensive tillage such as in the CT 95 field facilitates SOC loss as buried residues decompose more quickly than do those on the surface. Surface residues also protect against soil erosion (Sherrod et al., 2003; Unger et al., 2006; Williams et al., 2009) . Conservation tillage practices such as in the NT 95 promote a slower crop residue turnover and less SOC loss (West and Post, 2002) . Loss of SOC stocks with continuous tillage and stover removal in this study agrees with previous studies reviewed by Johnson et al. (2006 Johnson et al. ( , 2009 and modeled by Gollany et al. (2010 Gollany et al. ( , 2011 and Dalzell et al. (2013) . Average SOC stock changes of 86.0 kg C ha -1 cm -1 in NT 05 compared to 68.0 kg C ha -1 cm -1 in NT 95 indicate that NT 95 is approaching a steady state after 20 yr of change in management. Soil organic C stocks are expected to reach a new dynamic equilibrium as predicted by C saturation theory (Hassink and Whitmore, 1997; Six et al., 2002; (Gray et al., 2014) . Stewart et al., 2007) . Similarly, Gollany et al. (2010) reported that topsoil of a coastal plain loamy sand soil will reach a steady state when C saturation is reached. Increasing SOC deeper in the soil profile will be required for long-term SOC accretion beyond 2035 when C saturation is reached in the topsoil . At the 20-30 cm soil depth, average SOC across residue removal treatments is projected to decrease by 2.58 Mg C ha -1 in CT 95 while both NT 95 and NT 05 are projected to decrease by 2.00 Mg C ha -1 during 2016-2035 (Table 3 , Fig. 3, 4 , and 5). We expected more SOC stocks loss because of tillage and increased crop residue removal in the 20-30 cm soil increment for CT 95 than NT 95 due to stratification of crop residue and consequently increased SOC stocks at this depth under CT 95 . However, root biomass contribution to SOC stocks is clearly the driver of change more than aboveground residue biomass at the 20-30 cm depth. Other researchers have reported greater root biomass inputs, slower decomposition and increased particulate organic matter in the subsoil Stewart et al., 2018) .
Soil organic C loss is predicted for both CT 95 and NT 95 in the 0-30 cm soil depth at all stover rates by 2035 (Table 3) . Only in NT 05 without residue removal (R0) SOC stocks changed by 0.32 Mg C ha -1 (0.016 Mg C ha -1 yr -1 ) with addition of 6.30 Mg ha -1 above ground biomass or addition of 11.44 Mg ha -1 of total crop residue (Table 1) , when top 30 cm soil depth is considered. The positive change in SOC during 20 yr under NT 05 without residue removal is most likely due to incorporation 
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Depth of C into a mineral-associated C pool and may have improved soil structure (Six et al., 2002; Stewart et al., 2018) .
Predicted Effects of Corn Residue Removal on Soil Organic Carbon
A decrease of SOC under NT 95 up to -1.04 Mg C ha -1 , in the top 30 cm depth, with R75 indicated that even under NT management stover removal could reduce SOC stocks depending on initial SOC content (24.49 Mg C ha -1 ) and previous field management. The effect of aboveground biomass removal on SOC stocks will not only depend on the amount of C input, but also on the initial SOC content of the soil (Janzen et al., 1998) . These simulation results agree with the study by Stewart et al. (2018) who reported that under NT residue removal reduced soil microbial biomass and SOC. Only NT 05 without residue removal (R0) and initial SOC content of 24.14 Mg C ha -1 had a positive (0.32 Mg C ha -1 , Table 3 and Fig. 6 ) SOC stock change with aboveground biomass addition of 6.30 Mg ha -1 yr -1 (Table 2 and Fig. 6 ). A decrease of SOC by 2.65 Mg C ha -1 was predicted for R0 treatment in CT 95 , although 6.36 Mg ha -1 yr -1 aboveground biomass was returned to this field with an initial SOC content of 29.90 Mg C ha -1 (Table 2 and Fig. 3 ). The decrease in SOC from long-term stover removal under conventional tillage was documented in other studies in Minnesota Bloom et al., 1982; Wilts et al., 2004) . Similarly, Wienhold et al. (2016) concluded that there was a loss of SOC in all residue removal treatments under disk tillage, and loss of SOC under high residue removal under no-tillage in Nebraska. Decreased SOC stocks with residue removal could negatively affect soil chemical, physical and biological properties and has raised concerns about the potential for increased soil erosion, loss of plant available nutrients and crop production (BlancoCanqui et al., 2006; Blanco-Canqui 2013; Johnson et al., 2014; Karlen et al., 2014; Stewart et al., 2018; Wilhelm et al., 2007) . It is well known that tillage breaks down soil structure and increases soil organic matter mineralization by exposing organic matter to microbial activity (Balesdent et al., 2000; Mann et al., 2002; Six et al., 1998 Six et al., , 1999 . Additional biomass, organic amendments such as manure or crops with more root biomass such as alfalfa (Medicago sativa L.) or switchgrass (Panicum virgatum L.) or cover crops are required to maintain SOC in the top 30-cm soil in CT 95 (Dell et al., 2018; Jones et al., 2018) .
Biomass Requirements for Maintenance of Soil Organic Carbon
Only NT 05 without residue removal (R0) had a positive SOC change by 2035 when the top 30-cm soil depth was considered (Fig. 6) . The second-best treatment was the NT 95 field without residue removal (R0) with slight SOC stocks change of -0.18 Mg ha -1 (Table 3 and Fig. 6 ). While CT 95 with corn cobs removed (RCob) was the worst treatment (-3.15 Mg C ha -1 ). This was most likely because of the high average initial SOC content of 68.88 Mg ha -1 in the 30-cm soil depth for this treatment in this field compared to 67.43 Mg ha -1 in the NT 95 field. Continuous SOC decline was predicted under conventional tillage regardless of corn biomass input. Minimum predicted annual aboveground biomass required to maintain SOC stock in the 0-30 cm soil depth under no-till was about 3.75 Mg ha -1 yr -1 for NT 05 field by 2035 (Fig. 6 ). This predicted minimal annual crop residue is similar to the 3.65 Mg ha -1 yr -1 for corn-soybean rotation predicted by Dalzell et al. (2013) , but lower than 6.4 ± 2.36 Mg stover ha -1 yr -1 , n = 49 empirically estimated by Johnson et al. (2014) . It was also lower than the empirical values MSC of 2.5 ± 1.0 and 1.8 ± 0.44 Mg C ha -1 yr -1 for CT and NT tillage, respectively, reported by Johnson et al. (2006) . Assuming biomass is about 40% C, these MSC values correspond to 6.3 and 4.5 Mg stover ha -1 yr -1 .
The consequences of stover removal and resultant reduction in SOC also negatively impacts soil plant nutrients and soil productivity . Loss of SOC stocks, a key determinant of soil health and agroecosystem productivity, could in the long-term reduce crop yields and crop biomass inputs (Gollany et al., 1992; Wilhelm et al., 2007; Han et al., 2017) . In a meta-analysis of 70 long-term field experiments across China, Han et al. (2017) reported an overall crop yield increase of 13.4% with straw incorporation compared to straw removal. Furthermore, modeling regional impacts of stover harvest, demonstrated that increasing stover harvest shifted lands from a C sink to a C source (Wu et al., 2015) .
SUMMARY AND CONCLUSIONS
In this study, CQESTR accurately simulated SOC under four residue removals (R0, RCob, R50, and R75) and two tillage management practices in three fields (CT 95 , NT 95 , and NT 05 ). Averaged over 0 to 75% stover removal, SOC stock changes of -0.16, 1.35, and 1.52 Mg C ha -1 for CT 95 , NT 95 , and NT 05 is projected, respectively, in the top 20 cm soil depth by 2035. However, averaged over 0 to 75% stover removal, SOC stock changes of -0.48, -0.65, and -2.57 Mg C ha -1 for NT 05 , NT 95 , and CT 95 is projected, respectively, in the top 30 cm soil depth by 2035. Therefore, sufficient corn stover is needed to maintain SOC deeper in the soil profile.
Difficulty of measuring SOC in the field with inherent spatial and temporal variability as indicated by the error bars on measured SOC stock makes it difficult to predict the status of SOC in these plots. Therefore, only modeling can be used to delineate the direction of change. However, any model used must be rigorously validated across different soils and under diverse climatic conditions. The CQESTR model has been previously validated for North America (Liang et al., 2009) , and was used to predict the direction of the change for residue removal treatment at several sites across the United States.
Only R0 in the NT 05 field had a positive (0.32 Mg C ha -1 ) SOC stock change with annual aboveground biomass inputs of 6.30 Mg ha -1 yr -1 . Predicted minimum annual biomass required to maintain SOC stock under no-till is ~3.75 Mg ha -1 yr -1 for this site by 2035, under current climatic conditions. It is concluded that only the NT 05 field has the potential to maintain SOC at the current level with annual biomass addition of 6.30 Mg ha -1 yr -1 without residue removal until 2035. On both tilled and untilled fields, the ability of agriculture to maintain SOC may be compromised by harvesting non-grain biomass (crop residues). The need for predictive models such as CQESTR to guide soil management decisions, to estimate minimum residue required for maintain SOC in the soil profile, and to examine soil management effects of SOC, is essential for predicting sustainable soil resource management and crop productivity as demand for food, feed, fiber, and feedstock increases. These simulation results indicate that caution should be used in removing residue from these fields especially under conventional tillage. Maintaining SOC is not only vital for sustaining soil functions and properties, but also for the health and sustainability of our global environment.
